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ABSTRACT 



A thin glass film is formed on a substrate using a sol-gel 
method by applying to the substrate a hydrolyzable 
solution which contains a metal alkoxide, water, an 
alcohol and an add, contacting the applied solution 
with an atmosphere containing ammonia and an alcohol 
to polycondensate the metal alkoxide, and heating to 
form the thin glass film. 

10 Claims, No Drawings 
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Bn „ mn „ „ . age, in particular when the film thickness is laree. and 

PROCESS FOR PRODUCING THIN GLASS FILM then thefflm tends to be cracked. 

BY SOL-GEL METHOD According to the present invention, since the poly- 

Thie i. a f . _ „ . . condensation may be accelerated by contact to ammo- 

7/?«f,UB a ^tmuadon o f apphcation Ser. No. 0 5 nfc, the film can ^ £ stress . 

7/781,848, filed on Oct 24, 1991, now abandoned. shrinkage even in case ofKck film, and Si 

BACKGROUND OF THE INVENTION parent uniform glass film is obtained. Probably, ammo- 

1 Field of the Invention niamay act as a catalyst of the polycondensation of the 

^^ttvSrektes to an proved pr0 cess 10 - * ™ - * ■ catalytic 

^D^on^i^ 501 ' 861 mCth0d - * hydrolyzable solution to be used in the process 

a e/N , ^, C*: . . ■ f of the present invention, contents of the alcohol and 

referred to as "hydrolyzable solution' Wo^^oS torn i-^S * Jf."^ * 

solid material and heating the porous material to pro- * „ 1 *° % \F??* b y *** 2:1 to 5:L 

duce a glass material Sini the s^-gel methTprSuS ^^,^^^7^^ 

theglassthroughthehydrolyzablesolution.itfaeaayto SfX^S are metbox- 

^^so^ri'meAod'^* su ' > ^™^ with thfTglass^TThlen, 20 x^mr^ahu^um^a^'b^^^ sihcon, titanium, genna- 

SSS^.^'SSSl^tSS Also^^eal^hoa^oftheconventionaUyused 

As described in, for example, "YOGYO KYOKAI- 25 7* ^ «»fd in fte hydrolyzable solution ac- 
SHI" (Ceramic Society Journal), 90(6), 328-332 (1952), ° eIera ^ S ™ of metal alkoxide. Specific 

a general procedure of the sol-geT method comprises C *? P, £ of ^ are hydrochloric acid, sulfuric 
mixing ethyl silicate, titanium isopropoxide, ethanol, ^^tnc acid,^phosphonc acid, etc. 
water and HQ as a catalyst to prepare a hydrolyzable „ The acid is used in an amount such as to adjust pH of 
solution (a coating liquid), dipping a substrate in the 30 th ^° 1 ? 1 ? f " exam P le ' 1 < onc ) to 6 - 
hydrolyzable solution, lifting up the substrate at a con- , The hydrolyzable solution may contain a surfactant 
stant rate to form a film of the hydrolyzable solution on (e *f mghcr akoaols suchas polyethylene glycol) so as 
the substrate and drying and heating the film to obtain to mprove adhesion of the solution to the substrate and 
a glass film. 8 to stably form me thin glass film- 

Hitherto, the sol-gel method can produce a transpar- 35 . To Mrolyzable solution, a rare earth element or 
ent uniform coating film having a thickness of 0. 1 to 0. 3 ltS com P ound » or an optical non-linear material may be 
urn- However, though it is tried to produce a glass film added. 

having a thickness larger than 0.3 urn, the glass film _ Examples of the rare earth metal or its compound are 
tends to have various defects such as cracks, white a* * or ™ ar salts " By ^ addition of these elements 
turbidity, and peeling from the substrate. To increase or ^P 0 "^ me formed glass film can be used to 
the film thickness, it is known to add glycerin or ethyl generate a laser beam- 
ether as a thickener. By the addition of the thickner, the Examples of the optically non-linear material are 
maximum film thickness reaches about 0.5 urn. organic materials such as p-mtroamline (p-NA) and 

„ wn 2-memyl-4-nitroaniline (MNA), or semiconducti ve par- 

SUMMARY OF THE INVENTION 45 tides such as CdS, CuCl, PbS and the like. By the addi- 

One object of the present invention is to provide a tion of ^ optical non-linear material, the formed glass 
process for producing a thin glass film having a large film ^ optical non-linearity, 
film thickness by a sol-gel method 1x1 toe process of the present invention, the hydrolyz- 

Another object of the present invention is to provide 50 ^ e s^ 11 ** 011 applied on the substrate is subjected to the 
a process for producing a uniform thin glass film by a polycondensation reaction while contacting it to the 
sol-gel method by which a film thickness is well con- atmosphere comprising ammonia and optionally an 
trolled. alcohol (e.g. methanol, ethanol, isopropanol, etc.). 

According to the present invention, there is provided Though a temperature and pressure may be room tern- 
a process for producing a thin glass film comprising 55 perature and atmospheric pressure, higher temperature 
applying a hydrolyzable solution which contains a and higher pressure will be more effective. When the 
metal alkoxide, water, an alcohol and an acid, contact- polycondensation is carried out at an elevated tempera- 
ing said applied solution to an atmosphere selected from ture, the reaction is accelerated so that the film can 
the group consisting of ammonia and a mixture of am- stand against the stress caused by shrinkage. However, 
monia and an alcohol to polycondensate said metal 60 a temperature higher than 300* C will evaporate the 
alkoxide and heating it to form a thin glass film. solvent vigorously, so that the film shrinks before the 

DETAILED DESCRIPTION OF THE polycondensation proceeds sufficiently and is cracked. 

INVENTION hightr pressure also effectively accelerates the 

polycondensation and prevents the evaporation of the 

By the conventional sol-gel method, the coated film 65 solvent. Up to 5 Atm., the effect increases, but at higher 
shrinks and solidifies during heating. In this step, if the pressure, the increase of the effect is not remarkable. In 
polycondensation has not been sufficiently proceeded, addition, the too high pressure makes an apparatus laree 
the film cannot stand against a stress caused by shrink- and complicated. 



* 
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Then, the polycondensation is preferably carried out Then, the substrate carrying the film of the hydrolyz- 

at a temperature from room temperature to 300° C. able solution was kept in an atmosphere of a mixture of 

under pressure from atmospheric pressure to 5 Atm. ammonia and ethanol (a volume ratio of 1:1) at 60° C 

Other steps -of the process of the present invention for about one hour, and then dried at 100° C in air for 

can be carried out under the same conditions as those in 5 24 hours followed by heating at 500° C in air to obtain 

the conventional sol-gel method. a solidified transparent glass film having a thickness of 

For example, the hydrolyzable solution may be ap- 1.7 urn. 
plied to the substrate by dip coating or spin coating. 

The substrate may be any one of the conventionally EXAMPLE 2 
used materials, for example, glass, metals or plastics. 10 In the same manner as in Example 1 except that the 

In the dip coating, the substrate is dipped in the hy- hydrolyzable solution was cooled to — 50 Q C or - 100* 

drolyzable solution and lifted up gradually to form a C and the substrate was cooled to —50° C. or -100° 

thin film of the hydrolyzable solution on the substrate C, the hydrolyzable solution was spin coated on the 

surface. In the spin coating, the substrate is set in a substrate, dried and heated to obtain a transparent glass 

sample holder which can be rotated at a high speed and 15 thin film having a thickness of 1.2 um 
the hydrolyzable solution is dropped on the substrate 

rotating at 500 to 5000 rpm to form a uniform thin film Comparative Example 1 

of the hydrolyzable solution on the substrate surface. In the same manner as in Example 2 except that the 

Preferably, a viscosity of the hydrolyzable solution is hydrolyzable solution and the substrate were both 
increased before the application onto the substrate. 20 cooled to— 180° C, a glass thin film was formed but 

In one preferred embodiment, the hydrolyzable solu- had unevenness on the film surface, 
don is aged to adjust its viscosity at room temperature 

in a range from 0.1 to 10 poises. By the increase of the EXAMPLE 3 

viscosity of the hydrolyzable solution, it is easy to con- In a beaker, silicon ethoxide (50 ml), titanium isopro- 

trol a film thickness of the hydrolyzable solution on the 25 poxide (1 ml), ethanol (10 ml) and IN hydrochloric acid 

substrate. When the viscosity is less than 0. 1 poise, the (20 ml) were charged and stirred for about 30 minutes to 

film thickness cannot be increased. When the viscosity obtain a hydrolyzable solution, which was kept under 

is larger than 10 poises, the film surface has unevenness pressure of 10 Torn for 15 minutes to concentrate the 

and the finally formed glass film is not uniform. The solution. 

viscosity can be changed by changing the aging time. 30 Then, in the same manner as in Example 1, the con- 
In another preferred embodiment, the hydrolyzable centrated hydrolyzable solution was spin coated on the 
solution is cooled to a temperature of - 150° C. to +10° substrate, dried and heated to obtain a solidified trans- 
C. and then applied on the substrate which is cooled to parent glass film having a thickness of 1.5 um. 
the same temperature as the hydrolyzable solution or 

lower. 35 EXAMPLE 4 

When the cooling temperature is lower than - 150° In a beaker, silicon ethoxide (50 ml), ethanol (10 ml), 

C, the viscosity becomes too large to form a uniform IN hydrochloric acid (20 ml) and erbium chloride (900 

film When the substrate temperature is higher than the mg) were charged and stirred for about 30 minutes to 

cooled hydrolyzable solution, the temperature of the obtain a hydrolyzable solution, 

applied solution is raised and the viscosity is decreased. 40 Then, a quartz substrate was dipped in the hydrolyz- 

In a further preferred embodiment, the hydrolyzable able solution and lifted up at a constant rate to coat the 

solution is subjected to reduced pressure, for example, substrate with the hydrolyzable solution. The substrate 

from 10 to 500 Torr. to evaporate volatile components having the coated hydrolyzable solution film was 

such as the alcohoL treated in the same manner as in Example 1 to obtain a 

By the increase of the viscosity of the hydrolyzable 45 Er-doped transparent glass film having a thickness of 1 

solution, the film thickness of the hydrolyzable solution urn. 

applied on the substrate can be increased. Thereby, the What is claimed is: 

cracking of the formed film due to slirinkage can be 1. A process for producing a glass film comprising; 
prevented during the subsequent heating of the film. applying a hydrolyzable solution containing a metal 
PREFERRED EMBODIMENTS OF THE 50 a&oxide, water, an alcohol and an acid to a SUB- 
INVENTION strate; 
. contacting said hydrolyzable solution with an atmo- 
The present invention will be illustrated by the fol- sphere of a mixture of ammonia and an alcohol to 
lowing Examples, which do not limit the scope of the polycondensate said metal alkcoride; and 
present invention. 55 drying and heating said hydrolyzable solution to form 

EXAMPLE 1 „ mm - 

2. The process according to claim 1, wherein said 

In a beaker, silicon ethoxide (50 ml), ethanol (20 ml), hydrolyzable solution is kept standing before applica- 

water (20 ml), 12N hydrochloric acid (0.6 ml) and poly- tion to adjust its viscosity to 0. 1 to 10 poises, 

ethylene glycol (4 g) were charged and stirred for about 60 3. The process according to claim 1, wherein said 

30 minutes to obtain a hydrolyzable solution, which was hydrolyzable solution is cooled to a temperature of 

aged at room temperature for 24 hours. -150' C to +10* C and then applied on said substrate 

As a substrate, a soda lime silica glass plate (a width cooled to the same temperature as that of said hydrolyz- 

of 40 mm, a length of 50 mm and a thickness of 1 mm) able solution or lower 

was cleaned with acetone. Then, on the substrate, the 65 4. The process according to claim 1, wherein said 

aged hydrolyzable solution was spin coated. Before the hydrolyzable solution is subjected to a pressure of from 

coating, the hydrolyzable solution had a viscosity of 4 10 to 500 Torr to concentrate said solution before appli- 

e cation. 
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5. The process according to claim 1, wherein a molar 
ratio of said alcohol in said hydrolyzable solution to said 
metal alkoxide is from 0.5:1 to 5:1, and a molar ratio of 
water to said metal alkoxide is from 1:1 to 10:1. 

6. The process according to claim 1, wherein said 5 
applied hydrolyzable solution is polycondensated at a 
temperature of room temperature to 300* C 

7. The process according to claim 1, wherein said 
applied hydrolyzable solution is polycondensated under io 
pressure of from atmospheric pressure to 5 Atm. 



8. The process according to claim 1, wherein said 
metal alkoxide is at least one selected from the group 
consisting of methoxide, ethoxide and propoxide of 
silicon, titanium, germanium, aluminum or boron. 

9. The process according to claim 1, wherein said 
hydrolyzable solution contains at least one compound 
of a rare earth metal. 

10. The process according to claim 1, wherein said 
hydrolyzable solution contains at least one optically 
non-linear material. 
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